The calmodulin antagonists chlorpromazine, fluphenazine, trifluoperazine, and 2-(pentachlorophenoxy)ethyl N,N-diethylamine are not inhibitors of acetate incorporation into triterpenols (TOH) and their fatty acid esters (TE) in whole tapped latex from Euphorbia lathyris, although prior work demonstrated that these antagonists are good inhibitors of mevalonate incorporation into TOH and TE in a centrifuged pellet from the latex. Antagonist absorption into the endogenous terpene pool is the primary reason for antagonist ineffectiveness in whole latex; changes in the utilized substrate or chemical deactivation of the antagonists were ruled out as factors. A biosynthetically inactive, latex supernatant fraction containing the endogenous terpene pool was prepared. This fraction blocks antagonist action when added to the latex pellet, and proved to be a useful tool for demonstrating that inhibition of triterpene biosynthesis by a calmodulin antagonist is partially reversible.
prior work demonstrated that these antagonists are good inhibitors of mevalonate incorporation into TOH and TE in a centrifuged pellet from the latex. Antagonist absorption into the endogenous terpene pool is the primary reason for antagonist ineffectiveness in whole latex; changes in the utilized substrate or chemical deactivation of the antagonists were ruled out as factors. A biosynthetically inactive, latex supernatant fraction containing the endogenous terpene pool was prepared. This fraction blocks antagonist action when added to the latex pellet, and proved to be a useful tool for demonstrating that inhibition of triterpene biosynthesis by a calmodulin antagonist is partially reversible.
The tapped latex of Euphorbia lathyris can convert acetate to several structurally different tetracyclic triterpenes. In prior studies, two major classes of triterpenes were found to be synthesized in vitro: TOH' and TE (3, 4) . In tapped latex, the terpenoid skeleton, but not the fatty acid moiety of TE, is derived from acetate (3); the fatty acids needed for ester formation are derived from endogenous phospholipids. The pellet from a low speed centrifugation can efficiently utilize mevalonate as a precursor of triterpenes and their esters. In our previous paper (4) we showed that calmodulin antagonists (chlorpromazine, fluphenazine, and trifluoperazine) are very effective inhibitors of triterpene biosynthesis in the latex pellet. Out of several chlorinated phenoxy compounds that were tested, the best calmodulin antagonist, 2-(pentachlorophenoxy) ethyl N,N-diethylamine, was the best inhibitor of triterpene biosynthesis. In Table I is that in whole latex all of the tested compounds have little effect on triterpene biosynthesis, although some compounds (II, III, IV, VIII, and IX) strongly inhibited biosynthesis in the centrifuged latex pellet system.
Another notable aspect of the data is that there is more experimental variability in the whole latex assays. To achieve errors of approximately 10%, 12 to 18 repetitions were necessary with whole latex, about 4 times more than required in the latex pellet assays. At least in part, the higher variability in the whole latex assays is due to the relatively low specific activity of precursor acetate as compared to the mevalonate utilized in the latex pellet assays. Each experimental repetition resulting in the data displayed in Table I The partitioning of radiolabeled compound II (chlorpromazine) in whole latex was determined according to the protocol given in "Materials and Methods." Figure 1 shows the results of one typical experiment. The majority ofcompound II partitioned into the terpene fraction. The pellet fraction (the site oftriterpene biosynthesis from mevalonate) contained the least amount of compound II. Over the time period of 15 to 108 min this pattern did not change significantly.
The oxidation product of compound II, chlorpromazine sulfoxide, is a relatively poor antagonist of calmodulin (5). The biooxidation of compound II has been shown to occur both in vivo (2) and in vitro (1) . Thus it could be hypothesized that compound II is inactive as an inhibitor in whole latex because it is rapidly oxidized. Accordingly, compound II was incubated in latex for 3 h (the usual time of the triterpene biosynthetic assays). The latex was fractionated and a portion ofeach fraction was analyzed by TLC. Samples that were analyzed immediately after the 3 h incubation showed only one peak corresponding to unchanged chlorpromazine in the three different TLC systems described in "Materials and Methods" (data not shown). It should be noted, however, that if samples were stored frozen and repeatedly analyzed, then a metabolite of compound II was detected by TLC. Thus, compound II may be metabolized by latex, but this metabolism is slow, slow enough to be of no consequence in the triterpene biosynthetic assays.
The partitioning experiments (Fig. 1) showed that the majority of compound II partitioned into the terpene fraction of whole latex. It was reasoned that if the terpene fraction was mixed with the centrifuged pellet, the inhibitory effects of compound II on triterpene biosynthesis should be reduced or eliminated. After the supernatant is boiled, the isolated terpene fraction does not redisperse in an aqueous buffer. Even ifthe supernatant is boiled, but not centrifuged, the supernatant is no longer colloidal, and the terpenes flocculate into nonsoluble, large, visible particles. Neither the isolated terpenes nor the boiled supernatant were able to significantly overcome compound II inhibition of triterpene biosynthesis.
Experiments were conducted in which the supernatant (not boiled) was added to compound II followed by the addition of the pellet. Triterpene biosynthesis, with mevalonate as precursor, was restored by this treatment (Table II) . Experiments were conducted containing the supernatant and compound II (no added pellet) to confirm that triterpene biosynthesis did not arise from the added supernatant and did, in fact, occur in the pellet. Biosynthesis from the supernatant alone was very poor, and the right hand column of Table II displays than control rates (pellet plus no added compound II).
Since latex supernatant can block compound II inhibition, an experiment was designed to test whether latex supernatant could reverse compound II inhibition: compound II was added to a latex pellet actively synthesizing triterpenes, and after full inhibition was achieved, latex supernatant was added. Figure 2 shows the average result of four experiments normalized to the same scale as described in "Material and Methods." About 15 min was required for full inhibition of biosynthesis by compound II (final concentration: 0.2 mM). Addition of latex supernatant partially restored TOH biosynthesis to 63% of the initial rate (Fig. 2, top) . The rate of TE biosynthesis in the presence of latex supernatant recovered only partially to 30% of the rate before compound II was added (Fig. 2, bottom) .
DISCUSSION
The data displayed in Table I show that effective inhibitors of triterpene biosynthesis in latex pellet assays (compounds II, III, IV, VIII, and IX) are rendered ineffective in whole latex assays. With mevalonate as the precursor (rather than acetate) compound IV was an ineffective inhibitor in tapped latex, thus ruling out the possibility that the use of acetate as a precursor is responsible for the abolition of the effectiveness ofthe inhibitors. No breakdown or metabolism of compound II could be detected during the assays. Thus, chemical degradation or inactivation of the inhibitors does not explain their ineffectiveness in whole latex.
Compound II was found to be absorbed by the terpene fraction of latex. The word "terpene" is used loosely here to denote the water insolubles (after boiling) oflatex supernatant. This fraction contains over 90% ofthe endogenous latex triterpenes, phospholipids, and may contain other compounds as well. The partitioning data shown in Figure 1 should not be taken as an absolute measurement of the distribution of compound II in whole latex since no data is available to show that the procedures used to partition the various fractions do not change the distribution of compound II. Nevertheless, considering all of the data, absorption of the inhibitors and a resultant lowering of their free concentration is the best explanation for their ineffectiveness in whole latex.
An experimental result that corroborates this explanation was that the addition of latex supernatant (still in the colloidal state, not boiled) completely overcame all compound II inhibition (Table II) . Insufficient surface area for absorption is a reasonable explanation for the inability ofthe isolated, noncolloidal terpenes to effectively block compound II inhibition.
The data in Figure 2 show that compound II inhibition of TOH and TE biosynthesis is partially reversible. The 
